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© Method of controlling shifts in an automatic transmission. 



£i!© When a first shift command is issued, the input 
^and output rotational speed ratio of a shift means 
^associated with a first target speed range for select- 
ing a power transmission path associated with the 

first target speed range and determined by the first 
r- shift command is detected, and the start of operation 
Jjjjof the shift means associated with the first target 

speed range is detected by checking whether the 
O input and output rotational speed ratio has started to 
q vary or not. When a second gear-shift command is 
III issued after, the first shift command has been issued 

but before the start of operation of the shift means is 

detected, the second shift command is accepted. 
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METHOD OF CONTROLLING SHIFTS IN AN AUTOMATIC TRANSMISSION 



BACKGROUND OF THE INVENTION 

The present invention relates to a vehicular 
automatic transmission for changing power trans- 
mission paths by controlling operation of shift 
means. 

Automatic transmissions are arranged to shift 
gears automatically dependent on running condi- 
tions of a motor vehicle to achieve desired vehicle 
running characteristics. It is customary to provide a 
shift map composed of upshifting and downshifting 
lines for each speed range, the lines being estab- 
lished in relation to the vehicle speed and the 
engine power output and to control the automatic 
transmission to shift the gears according to the 
shift map dependent on the running conditions as 
indicated on the shift map. One example of such 
shifting control is disclosed in Japanese Laid-Open 
Patent Publication No.61 -189354, for example. 

One type of automatic transmission includes a 
power transmission means comprising a plurality of 
power transmission paths (e.g., Plurality of gear 
trains), a plurality of shift means (e.g., a plurality of 
hydraulicaily operated clutches) for selecting the 
power transmission paths, and a control means 
(e.g.. a hydraulic control valve) for controlling op- 
eration of the shift means. When a running con- 
dition of a motor vehicle, as indicated on a shift 
map, moves across an upshifting or downshifting 
line, a shift command is produced to effect an 
upshift or downshift and a solenoid valve is op- 
erated based on the shift command to control 
operation of the hydraulic control valve to engage 
one of the hydraulicaily operated clutches. The 
power transmission path through a certain gear 
train associated with the engaged clutch is now 
selected to effect a shift 

If the solenoid valve is operated, at the same 
time as when the shift command is applied, to 
enable the hydraulic control valve (the control 
means) to operate the hydraulicaily operated clutch 
(shift means), then the shift can be performed 
without any time lag, but the driver of the motor 
vehicle may feel that the transmission operates too 
busily. 

More specifically, it is assumed here that 
downshifts should be effected from 4th to 3rd to 
2nd speed ranges by depressing an accelerator 
pedal. If the accelerator pedal is slowly depressed, 
then the driver feels that the transmission operates 
normally when the downshifts are performed in the 
order described above. However, if the accelerator 
pedal is quickly depressed to achieve a kickdown. 
for example, two downshifts are carried out in a 
short period of time when they are performed in 



the above sequence, and the driver feels that the 
operation of the transmission is too busy. The latter 
shift should preferably be effected by downshifting 
from the 4th speed range directly into the 2nd 

5 speed range while skipping the 3rd speed range. 

To meet the above requirement it has here- 
tofore been customary to provide a decision timer 
for inhibiting a shift signal (e.g.. a signal for operat- 
ing the solenoid valve) within a preset period of 

70 time after a shift command has been issued. When 
a shift command for a downshift into the 3rd speed 
range while the motor vehicle is running with the 
transmission in the 4th speed range, and if a shift 
command for the 2nd speed range follows within 

75 the preset period of time, then the last shift com- 
mand (a command for the 2nd speed range) is 
accepted while overriding the previous shift com- 
mand. Upon elapse of the preset period of time, a 
shift is effected from the 4th speed range to the 

20 2nd speed range, thus preventing the transmission 
to effect successive shifts too quickly. 

The above shift operation will be described in 
greater detail with reference to Fig. 8 of the accom- 
panying drawings. In the graph of Fig. 8, while a 

25 motor vehicle is running with the transmission in 
the 4th speed range, a first shift command for the 
3rd speed range is issued at a time ti . and then a 
second shift command for the 2nd speed range is 
issued at a time ta. At the time ti. a decision timer 

30 is operated, and an output from a shift solenoid is 
inhibited for a period of time Ti from the time ti to 
a time t3. Since the second shift command is 
issued in the period of time Ti , a shift output for 
the 2nd speed range is issued from the shift sole- 

35 noid at the time U when the time period Ti 
elapses, thus effecting a shift from the 4th speed 
range to the 2nd speed range. Therefore, the hy- 
draulic pressure in the 4th-speed-range clutch js 
quickly lowered, whereas the hydraulic pressure in 

40 the 2nd-speed-range-clutch is increased, at the 
time t3. However, since the 2nd-speed-range clutch 
starts being engaged a certain time lag after the 
hydraulic pressure in the 2nd-speed-range clutch 
starts rising at the time t3. the input and output 

45 rotational speed ratio ecu ( 85 the ratio between the 
rotational speeds of input and output shafts) of a 
target-speed-range clutch starts to change at a 
time U. The rotational speed ratio e C u remains 1.0 
till the time t 3 because any shift is inhibited till that 

so time and a target speed-range up to that time is 
the present speed range (4th speed range in this 
case). 

As described above, use of the decision timer 
is effective in preventing the transmission from 
effecting successive shifts too quickly. For reliable 
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prevention of quick successive Shifts, the period of 
time to which the decision timer is set should be of 
a certain long duration. While the decision timer is 
operating, however, no shift is carried out even if a 
shift command is issued, and there is a certain 
time lag before the target-speed-range clutch starts 
being actually engaged after the elapse of the 
preset period of time of the decision timer. Con- 
sequently, if the preset period of time of the de- 
cision timer is long, the time lag before the shift is 
performed tends to be too large. 

For example, although the shift is issued at the 
time U , the target-speed-range clutch fl.e.. the 2nd- 
speed-range clutch) starts to be actually engaged 
only when the time U is reached. Accordingly, the 
interval from the time ti to the time U is present as 
a time lag. the interval from the time ti to the time 
b being the preset period of time of the decision 
timer, and the interval from the time U to the time 
U being the period of time before the 2nd-speed- 
range clutch starts being engaged. 

Even if the above time lag is present, the 
automatic transmission does not give the driver an 
odd feeling due to the time lag in normal operation 
because the driver cannot foresee when shifts are 
made. However, when the driver willfully starts a 
shift by quickly depressing the accelerator pedal or 
operating the shift lever or shift switch, if the above 
time lag is present, then the driver feels a delay in 
effecting the desired shift, and the driver will have 
an odd feeling with respect to the shift. 



SUMMARY OF THE INVENTION 

In view of the aforesaid problems of the con- 
ventional automatic transmissions, it is an object of 
the present invention to provide a method of con- 
trolling shifts in an automatic transmission for pre- 
venting the transmission from -effecting shifts too 
busily and also suppressing a delay in making 
shifts. 

According to the present invention, when a first 
shift command is issued, the input and output 
rotational speed ratio of a shift means associated 
with a first target speed range for selecting a power 
transmission path associated with the first target 
speed range and determined by the first shift com- 
mand is detected, and the start of operation of the 
shift means associated with the first target speed 
range is detected by checking whether the input 
and output rotational speed ratio has started to vary 
or not When a second shift command is issued 
after the first shift command has been issued but 
before the start of operation of the shift means is 
detected, the second shift command is accepted. 

With the above control process, even after the 
preset time of a decision timer, which is started 



when the first srW command is issued, has 
elapsed, the second shift command is accepted 
until the shift means associated with the first target 
speed range is actually started. If a period of time 
s in which the second shift command is acceptable 
is longer than a certain duration, then the transmis- 
sion is prevented from effecting successive shifts 
too busily. Therefore, even if the preset time of the 
decision timer is made shorter than the conven- 
io tional preset time of the decision timer, a period of 
time for accepting the second shift command, 
which is long enough to prevent the transmission 
from operating too busily, can be ensured. Con- 
sequently, a time lag in effecting shifts is reduced. 
75 and shifts are controlled without giving the driver 
an odd feeling about the operation of the transmis- 
sion. 

Further scope of applicability of the present 
invention will become apparent from the detailed 

20 description given hereinafter. However, it should be 
understood that the detailed description and spe- 
cific examples, while indicating a preferred embodi- 
ment of the invention, are given by way of illustra- 
tion only, since various changes and modifications 

25 within the spirit and scope of the invention will 
become apparent to those skilled in the art from 
this detailed description. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings which 
35 are given by way of illustration only, and thus are 
not limitative of the present invention and wherein: 

Fig. 1 is a schematic view of an automatic 
transmission controlled by a shift control method 
according to the present invention; 
40 Fig. 2 is a graph illustrating a shift map used 

for shift control; 

Fig. 3 is a circuit diagram of a hydraulic 
circuit including a hydraulic control valve assembly 
for controlling shifts in the automatic transmission; 
45 Fig. 4 is a flowchart showing a control se- 

quence of the shift control method of the invention; 

Figs. 5 through 7 are graphs showing how 
shift commands, shift solenoid outputs, etc.. vary 
with respect to time under shift control for efficient 
so various shifts; and 

Rg. 8 is a graph showing how a shift com- 
mand a shift solenoid output, etc.. vary with respect 
to time according to a conventional control method. 



55 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 
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Fig. 1 schematically shows an automatic trans- 
mission which is mounted on a motor vehicle and 
controlled by a method of the present invention. 
The automatic transmission, generally denoted at 
AT. has a transmission mechanism 10 comprising 
a plurality of gear trains for changing the speed of 
rotation of the engine power output transmitted 
from a torque converter 2 and for applying the 
engine power output to an output shaft 6. More 
specifically, the engine power output from the 
torque converter 2 is applied to an input shaft 3. 
and then transmitted, while its rotational speed is 
being changed, to a countershaft 4 extending par- 
allel to the input shaft 3 through a selected one of 
five gear trains disposed parallel between the input 
shaft 3 and the countershaft 4. The engine power 
output is then applied from the countershaft 4 to 
the output shaft 6 through output gear 5a, 5b 
disposed between the countershaft 4 and the out- 
put shaft 6. 

The five gear trains between the input shaft 
and the countershaft 4 include a gear train com- 
posed of gears 11a, 11b for a first speed range, a 
gear train composed of gears 12a. 12b for a sec- 
ond speed range, a gear train composed of gears 
13a. 13b for a third speed range, a gear train 
composed of gears 14a. 14b for a fourth speed 
range, and a gear train composed of gears 15a, 
15b. 15c for a reverse speed range. These gear 
trains are associated respectively with hydraulically 
operated clutches 11c, 12c, 13c, 14c, 15d for en- 
abling the gear trains to transmit the engine power 
output from the input shaft 3 to the countershaft 4. 
A one-way clutch 11d is disposed in the gear 11b. 
By selectively operating the hydraulically operated 
clutches, one of the five gear trains is selected for 
engine power transmission while changing the rota- 
tional speed of the transmitted engine power out- 
put 

The five hydraulically operated clutches 11c 
through 15d are controlled in operation by a hy- 
draulic pressure supplied and discharged through 
hydraulic pressure fines 21a through 21 e from and 
to a hydraulic pressure control valve assembly 20. 

The hydraulic pressure control valve assembly 
20 is operated by a manual spool valve 25 coupled 
by a wire 45a to a shift lever 45 movable by the 
driver, two solenoid valves 22, 23, and a linear 
solenoid valve 56. 

The solenoid valves 22, 23 are selectively ac- 
tuated and inactivated by operating signals sup- 
plied from a controller 30 through signal lines 31a. 
31b. The linear solenoid valve 56 is operated by a 
signal supplied from the controller 30 via a signal 
line 31c. The controller 30 is supplied with a rota- 
tional speed signal fed via a signal line 35a from a 
first rotational speed sensor 35 which detects the 
rotational speed of an input member of the hydrau- 



lically operated dutch 15d based on rotation of the 
reverse gear 15c, a rotational speed signal fed via 
a signal line 32a from a second rotational speed 
sensor 32 which detects the rotational speed of an 

5 output member of the hydraulically operated clutch 
13c based on rotation of the output gear 5b, and a 
throttle valve opening signal fed via a signal line 
33a from a throttle valve opening sensor 33 which 
detects the opening of an engine throttle valve 41 . 

w Operation to control shifting in the automatic 

transmission of the above construction will be de- 
scribed below. 

Shifting control is performed dependent on a 
shift range selected by the manual valve 25 of the 

is hydraulic pressure control valve assembly 20 in 
response to manual operation of the shift lever 45. 
Available shift ranges include shift ranges or posi- 
tions P, R, N, 0, S, 2 for example. In the ranges P 
and N, all the clutches 11c through 15d are dis- 

20 engaged and the transmission is in a neutral posi- 
tion. In the range R, the reverse-speed-range clutch 
15d is engaged to select the reverse speed range. 
In the ranges D, S, and 2 speed ranges are se- 
lected based on a shift map. 

26 As shown in Rg. 2, the shift map is composed 

of an upshifting line Lu and a downshifting line Lq, 
these lines being plotted in a graph having a verti- 
cal axis indicating the throttle valve opening 6th 
and a horizontal axis indicating the vehicle speed 

30 V. When a point on the shift map which represents 
the running condition of the motor vehicle as deter- 
mined by the engine throttle valve opening (the 
amount of depression of the accelerator pedal) and 
the vehicle speed moves to the right across the 

35 upshifting line Lu, the transmission effects a gear 
upshift When the point moves to the left across 
the downshifting line Lo after the upshift, the trans- 
mission effects a gear downshift While the shift 
map if Rg. 2 is shown as having one upshifting line 

40 and one downshifting line, the shift map actually 
has a plurality of upshifting lines and a plurality of 
downshifting lines dependent on the number of 
speed ranges available in the transmission. 

When the running condition point in the shift 

45 map goes across the upshifting or downshifting 
line, the controller 30 applies operating signals over 
the signal fines 31a, 31b. to the solenoid valves 22. 
23 to operate the hydraulic control valve assembly 
20 to supply hydraulic pressure to and discharge 

so hydraulic pressure from the hydraulically operated 
clutches 11c through 11d for effecting an upshift or 
a downshift 

The hydraulic pressure control valve assembly 
20 wilt be described below with reference to Rg. 3. 
55 The control valve 20 delivers operating oil sup- 

plied from an oil sump 7 by a pump 8 to a 
regulator valve 50 via a line 101. and the pressure 
of the delivered operating oil is regulated into a 
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predetermined line pressure by the regulator valve 
SO. The line pressure is applied via a line 110 to 
the manual spool valve 25 which then selectively 
supplies the line pressure to the speed range 
clutches 11c, 12c, 13c, 14c. 15d to control these 
clutches, dependent on operation of the manual 
spool valve 25 and various other valves in the 
control valve assembly 20 according to running 
conditions of the motor vehicle. 

The various valves in the control valve assem- 
bly 20 will be described below. The control valve 
assembly 20 includes a check valve 52 disposed 
downstream of the regulator valve 50 for preventing 
the oil of lubricating oil supplied to various parts of 
the automatic transmission AT via a line 102 from 
rising beyond a predetermined pressure level. A 
modulator valve 54 reduces the line pressure fed 
from a line 103 to produce a prescribed modulator 
pressure. The modulator valve 54 then supplies 
working oil under the modulator pressure via a line 
104 to a lockup clutch control circuit (not shown) of 
the torque converter 2 and also via a line 105 to 
the first and second solenoid valves 22, 23 for 
controlling operation of shift valves. 

The manual spool valve 25 is operated in inter- 
linked relation to the shift lever 45 that is manually 
moved by the driver. The manual valve 25 is selec- 
tively positioned in any one of six positions P, R, 
N, D, S, 2 for selectively supplying the line pres- 
sure from the line 110 to lines 25a through 25g. 

When the manual valve 25 is in any one of the 
positions D. S, 2, a 1-2 shift valve 60, a 2-3 shift 
valve 62, and a 3-4 shift valve 64 are controlled by 
the modulator pressure supplied via lines 106a 
through 106f dependent on whether the first and 
second solenoid valve 22, 23 are turned on or off, 
for controlling the supply of the line pressure to 
and the discharge of the line pressure from the 
clutches 11c, 12c, 13c, 14c. for the first through 
fourth speed ranges, respectively. 

The lines 106a, 106b are connected to the first 
solenoid valve 22 and also to the line 105 through 
an orifice 22a. When the solenoid of the first sole- 
noid valve 22 is de-energized, its port leading to a 
drain is closed, and working oil under the modula- 
tor pressure is supplied from the line 105 to the 
lines 106a, 106b. When the solenoid of the first 
solenoid valve 22 is energized, the drain port there- 
of is opened to reduce the pressure in the lines 
106a, 106b substantially to zero. The lines 106c 
through I06f are connected to the second solenoid 
valve 23 and also to the line 105 via an orifice 23a. 
When the solenoid of the second solenoid valve 23 
is turned off, the drain port thereof is closed to 
allow the working oil under the modulator pressure 
to be supplied from the line 105 to the lines 106c 
through I06f. When the solenoid of the second 
solenoid valve 23 is turned on. the drain port there- 
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of is opened to reduce the pressure in the lines 
106c through 106f substantially to zero. 

The line 106a Is connected to the righthand 
end (as shown) of the 1-2 shift vaJve 60, the line 

5 106b is connected to the righthand end of the 2-3 
shift valve 62, the line 106c is connected to the 
lefthand end of the 1-2 shift valve 60, the line 106e 
is connected to the righthand end of the 3-4 shift 
valve 64, and the line 106f is connected to the 

;o lefthand end of the 2-3 shift valve 62. the line 106e, 
106f are coupled to the second solenoid valve 23 
through the manual valve 25 and the line 106d. 
Therefore, by controlling the operation of the first 
and second solenoid valves 22, 23 to control the 

rs supply of the modulator pressure from the line 105 
to the lines 106a through 106f, the operation of the 
1-2, 2-3, and 3-4 shift valves 60. 62, 64 can be 
controlled to selectively supply the line pressure 
fed from the line 110 via the manual valve 25 to the 

20 hydraulically operated clutches 11c. 12c, 13c. 14c 
for selecting a desired speed range. 

The control valve assembly 20 also has first, 
second, third, and fourth orifice control valves 70, 
72, 74, 76 for releasing hydraulic pressure from the 

25 hydraulic pressure chamber in the clutch asso- 
ciated with a previous speed range in timed rela- 
tion to the development of a pressure buildup in 
the hydraulic pressure chamber in the clutch asso- 
ciated with a next speed range, when a shift is 

30 effected. More specifically, the first orifice control 
valve 70 controls the timing of releasing the hy- 
draulic pressure from the third-speed-range clutch 
when a downshift is effected from the third speed 
range to the second speed range. The second * 

35 orifice control valve 72 controls the timing of re- 
leasing the hydraulic pressure from the second- 
speed-range clutch when an upshift is carried out 
from the second speed range to the third speed 
range or from the second speed range to the fourth 

40 speed range. The third orifice control valve 74 
controls the timing of releasing the hydraulic pres- 
sure from the fourth-speed-range clutch upon a 
downshift from the fourth speed range to the third 
speed range or from the fourth speed range to the 

45 second speed range. The fourth orifice control 
valve 76 controls the timing of releasing the hy- 
draulic pressure from the third-speed-range clutch 
at the time of an upshift from' the third speed range 
to the fourth speed range, 
so The control valve assembly 20 further includes 

accumulators 81. 82, 83. 84 having pressure bear- 
ing chambers communicating respectively with the 
hydraulic pressure chambers of the hydraulically 
operated clutches 11c. 12c, 13c. 14c. The accu- 
55 rhulators 81 . 82. 83. 84 also having back pressure 
chambers opposite to the respective pressure 
bearing chambers with pistons 81a, 82a, 83a. 84a 
therebetween, the back pressure chambers being 
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connected to respective lines 121, 122, 123, 124 
which are coupled to the linear solenoid valve 56 
via lines 120a, 120a and a line 120. 

The linear solenoid valve 56 has a linear sole- 
noid 56a. A current supplied to the linear solenoid 
56a is controlled to control the operating force of 
the linear solenoid valve 56 for controlling the mag- 
nitude of a hydraulic pressure to be supplied to a 
line 120. By controlling the current supplied to the 
linear solenoid 56a, therefore, the hydraulic pres- 
sure in the back pressure chambers of the accu- 
mulators 81 through 84 can be controlled to control 
the hydraulic pressure in the hydraulic pressure 
chamber in an engaged clutch (next-speed-range 
clutch) when a shift is effected. 

In the hydraulic pressure control valve assem- 
bly 20 thus constructed, the manual valve 25 is 
operated by the shift lever 45 and the solenoid 
valves 22, 23 are turned on and off to selectively 
supply the line pressure to the hydraulicaJfy op- 
erated clutches 11c, 12c, 13c. 14c for automatically 
selecting a speed range. 

Shift control in the transmission thus construct- 
ed, particularly a process of controlling the start of 
a shift will be described below with reference to 
the flowchart of Rg. 4. 

For shift control, a step S1 checks whether the 
running condition of the motor vehicle crosses the 
down-shifting or upshifting line in the shift map as 
shown in Rg. 2 If the running condition crosses 
the line, then a first shift command is issued for a 
target speed range Sa to be shifted from a present 
speed range So. 

A step S2 then determines whether such a first 
shift command is issued or not (Sa *So). When the 
motor vehicle is running with the transmission in a 
certain speed range (after a shift has been made 
and before a next shift command is issued), no 
target speed range is set with the target speed 
range Sa = So, and hence control proceeds from 
the step S2 to a step S3. 

The step S3 determines whether a second shift 
command is issued or not after the first shift com- 
mand has been issued and before a shift according 
to the first shift command is completed, the de- 
cision step S3 is carried out by checking whether 
there is an initial target speed range Sao based on 
the previous gear command (the first shift com- 
mand in this case) with respect to a final target 
speed range Sa based on the latest shift command 
(the second shift command in this case) (Sa *Sao). 

If the first or second shift command is issued, 
then control goes to a step S6. If no shift command 
is issued, a decision timer T1 is set to zero in a 
step S4. and the accumulator back pressure is kept 
at a maximum level in a step S5, after which the 
control sequence goes to the return step. 

The step S6 determines whether the period of 



time T1 preset by the decision timer has elapsed 
or not After elapse of the time T1 . control goes to 
a step S7 which determines whether there is a 
second shift command or not by checking if Sa 
s *Sao. j 

If Sa = Sao, i.e. t if no second shift command 
is issued, control proceeds to a step S1 1 in which 
the target speed range Sa based on the first shift 
command is set as a target speed range Sa' to 

w which the transmission is to be shifted. 

If Sa *Sao, i.e., if there is a second shift 
command issued, control goes to a step S8 to 
determine whether the input and output rotational 
speed ratio Eoo of the present-speed-range clutch 

75 (the clutch engaged prior to the issuance of the 
shift command) is 1.0 or not to find whether the 
first target-speed-range clutch has started being 
engaged or not. Since the input portions of all the 
clutches are mechanically connected through the 

20 gears and the output portions thereof are also 
mechanically connected through the gears as 
shown in Rg. 1 , the starting of engagement of the 
first target-speed-range clutch is detected by de- 
tecting whether the input and output rotational 

25 speed ratio eq_o of the present-speed-range clutch 
which is 1.0 at present varies or not 

More specifically, when the first target-speed- 
range clutch starts being engaged, the input and 
output rotational speed ratio ecj_o starts to vary. 

30 Because the input and output shafts of the present- 
speed-range clutch are mechanically connected to 
the first target-speed-range clutch through the 
gears, as described above, whether the input and 
output rotational speed ratio ecta of the target- 

35 speed-range clutch is varied or not can be deter- 
mined by detecting whether the input and output 
rotational speed ratio ecto of the present-speed- 
range clutch is varied or not Rather than detecting 
whether the input and output rotational speed ratio 
Oclo of the present-speed-range clutch, whether the 
input and output rotational speed ratio ecu of the 
target-speed-range clutch is varied or not may di- 
rectly be detected. 

While the step S8 determines whether ecto = 

45 1 or not, it may determine whether the rotational 
speed ratio e C Lo is smaller than a threshold (of a 
value slightly smaller than 1.0. for example) which 
has been preset in view of detection errors of the 
first and second rotational speed sensors 35, 32). 

so If ecuo = 1 -0. i.e., if the first target-speed-range 

clutch has not started being engaged, control goes 
to a step S9 in which the latest, i.e.. the second 
target speed range Sa is set as the initial target 
speed range Sao, and then the latest target speed 

55 range Sa is set as the target speed range Sa' to 
which the transmission is to be shifted. 

As described above, if the second shift com- 
mand is issued during the preset timer time T1 , or 
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before the first target-speed-range clutch starts to 
be engaged even after elapse of the present time 
T1 , the second shift command is set as the target 
speed range Sa' to which the transmission is to be 
shifted. 

If the first target-speed-range clutch has started 
to be engaged when the second shift command is 
issued, since ecu *l-0, control goes to a step S10 
in which the initial target speed range Sao based 
on the first shift command is set as the target 
speed range Sa' to which the transmission is to be 
shifted. 

After the target speed range Sa has thus been 
set, a step S12 then determines whether the input 
and output rotational speed ratio 6cla of the clutch 
associated with the target speed range to which the 
transmission is to be shifted is 1.0 or not. If ecu 
#0. i.e., if this clutch is not yet completely en- 
gaged, then a shift output for the target speed 
range Sa' is issued in a step S13, and the back 
pressure of the accumulator associated with this 
clutch Is set to a predetermined low pressure P C l- 
(LOW) in a step S14. If Ocla' = 1.0. i.e.. if this 
clutch is completely engaged, then the target 
speed range Sa' is set as the present speed range 
So in a step S15. and the decision timer T1 is set 
to zero in a step SI 6. 

A first example of the above shift control pro- 
cess will be described with reference to the graph 
of Fig. 5 in which a first shift command is issued 
for the third speed range while the motor vehicle is 
running with the transmission in the fourth speed 
range, and then a second shift command is issued 
for the second speed range. 

While the motor vehicle is running in the fourth 
speed range, the running condition of the motor 
vehicle goes across the downshifting line on the 
shift map from the fourth speed range to the third 
speed range, and a downshifting command (the 
first shift command) for the third speed range is 
issued at a time ti . At this time, the fourth speed 
range is the present speed range So, the third 
speed range is the latest target speed range Sa 
and the initial target speed range Sao to which the 
transmission is to be shifted in Sa since no second 
shift command is issued as yet. At the same time, 
the decision timer is turned on, and any shift is 
inhibited (the step S6 in Fig. 4) until the period of 
time T1 of the decision timer elapses (until a time 
t3>. During this time interval, therefore, the shift 
solenoid output based on the target speed range 
Sa' remains to be set for the fourth speed range. 
The shift solenoid output is then set for the third 
speed range at the time ta when the time period T1 
elapses (the steps S7 through S11). 

Since the shift solenoid output remains un- 
changed up to the time ta, the input and output 
rotational speed ratio e C LO of the present-speed- 



range clutch is 1.0. Even when the shift solenoid 
output is changed for the third speed range at the 
time ts. the third-speed-range clutch (ue., the first 
target-speed-range clutch) does not immediately 
s start to be engaged, so that the rotational speed 
ration ecu> remains to be 1.0 for a while. Since the 
target speed range is the third speed range at the 
time t3, the input and output rotational speed ratio 
ei of the third-speed-range clutch is read as the 
io input and output rotational speed ratio ecu of the 
target-speed-range clutch. 

At this time, the clutch pressure in the fourth- 
speed-range clutch is quickly lowered as the shift 
solenoid output is changed at the time k. and the 
75 clutch pressure in the third-speed-range clutch is 
increased. Since the hydraulic pressure in the 
pressure chamber of the fourth-speed-range clutch 
is not sharply dropped and the accumulator back 
pressure is set to a lower level (the step 14), the 
20 initial clutch pressure of the third-speed-range 
clutch is low. Because of the low initial clutch 
pressure and the ineffective stroke of the clutch 
piston, the third-speed-range does not immediately 
start to be engaged. 
25 Then, the second shift command for the sec- 

ond speed range is issued at a time iz (slightly 
after the time t3). Now, the second speed range 
becomes the latest target speed range Sa, and the 
third speed range becomes the initial target speed 
30 range Sao. Inasmuch as the third-speed-range 
clutch (the first target-speed-range clutch) does not 
begin to be engaged at the time t 2 . the second 
shift command is accepted at this time, and the- 
shift, solenoid output is switched from the third 
35 speed range to the second speed range (the steps 
S8 to S9 to S11). The clutch pressure of the 
second-speed-range clutch is supplied and in- 
creased, and the clutch pressure of the third- 
speed-range clutch which has been increased from 
40 the time ta is lowered. After a certain time delay, 
the second-speed-range clutch starts to be en- 
gaged at a time U to make a shift from the fourth 
speed range to the second speed range (the steps 
S12toS13to S14). 
46 The input and output rotational speed ratio ecLo 

of the present-speed-range clutch is gradually 
lowered from the time U at which the fourth-speed- 
range clutch starts to be disengaged or the 
second-speed-range clutch starts to be engaged. 
so At a time ts when the second-speed-range clutch is 
completely engaged and the shift is finished, the 
second-speed-range clutch becomes the present- 
speed-range clutch, and the input and output rota- 
tional speed ratio of 1.0 is set in this clutch (the 
55 steps S12 to S15). Since the target speed range is 
switched from the third speed range to the second 
speed range- at the time U, the input and output 
rotational speed ratio ecu' of the target-speed- 



7 



13 



EP 0 341 631 A2 



* 



range clutch is set to the input and output rotational 
speed ratio 62 of the second-speed-range clutch at 
the time tz. The rotational speed ratio is gradually 
reduced as the second-speed-range clutch is pro- 
gressively engaged from the time U, and becomes 
1 .0 at the time ts when the clutch is fully engaged. 

According to the aforesaid shift control, the 
period of time after the first shift command has 
been issued until the second shift command is 
accepted is the same as the period of time until the 
present-speed-range clutch (the fourth-speed-range 
clutch in the above example) starts being dis- 
engaged or the first target-speed-range clutch (the 
third-speed-range clutch in the above example) 
starts being engaged. After elapse of the preset 
time T1 of the decision timer, since there is a 
certain time lag T2 after a hydraulic pressure is 
supplied to the third-speed-range clutch by the 
operation of the shift solenoid until the third-speed- 
range clutch starts being engaged, the period of 
time in which the second shift command can be 
accepted in longer than the preset time T1 of the 
decision timer by the time lag T2. Therefore, even 
if the period of time in which the second shift 
command is acceptable is set to a period of time 
T3. (equal to the period of time to which the 
decision timer is set according to the conventional 
shift control process) required for preventing the 
transmission from effecting shifts too busily, the 
preset time T1 of the decision timer is shorter than 
the required time T3 by the time log T2. Accord- 
ingly, the preset time T1 of the decision timer in 
the control process of the present invention is 
shorter than the preset period of time which has 
been required in the conventional shift control. 

Consequently, when only one shift command is 
issued or the second shift command is issued in 
the preset time T1 of the decision timer, the shift is 
started at the same time that the preset time T1 
shorter than the conventional preset time elapses. 
Thus, a time lag in making the shift is shortened 
and the shift can be effected without giving the 
driver an odd feeling. 

if the second shift command is issued in the 
preset time of the decision timer (until the time b)» 
the shift based on the second shift command, i.e., 
the shift from the fourth speed range to the second 
speed range is carried out upon elapse of the 
preset time of the decision timer (at the time t2). 

A second example of the shift control process 
will be described with reference to the graph of 
Fig. 6 in which a first shift command is issued for 
the third speed range while the motor vehicle is 
running with the transmission in the fourth speed 
range, and then a second shift command is issued 
for the fourth speed range. 

The control process of Fig. 6 is substantially 
the same as the control process of Fig. 5. Even if 



the shift command for the third speed range is 
issued at a time tt, ft is permitted upon elapse of 
the preset time of the decision timer T1 (the step 
S6). Therefore, a shift solenoid output based on the 

5 target speed range Sa to which the transmission is 
to be shifted becomes an output for the third speed 
range at a time ta after elapse of the timer time T1 
(the steps S7 to S11). 

Therefore, from the time b. the clutch pressure 

70 in the fourth-speed-range clutch is rapidly lowered 
and the clutch pressure in the third-speed-range 
clutch is increased. As described above, disen- 
gagement of the fourth-speed-range clutch and en- 
gagement of the third-speed-range clutch are not 

15 immediately started, and hence the input and out- 
put rotational speed ratio ecu' of the target-speed- 
range clutch (the third-speed-range clutch) is not 
varied right away. When the second shift command 
for the fourth speed range is issued at a time tz - 

20 (now the fourth speed range becomes the latest 
target speed range Sa and the third speed range 
becomes the initial target speed range Sao), since 
disengagement of the fourth-speed-range clutch 
and engagement of the third-speed-range clutch 

25 are not yet started, the shift solenoid output is 
switched to an output for the fourth speed range 
(the steps S7 to S8 to S9 to S11). Inasmuch as the 
latest target speed range Sa is set as the initial 
• target speed range Sao as indicated in the step S9. 

30 the condition Sa - Sao 55 So is attained subse- 
quently, and control proceeds to the step S5 in 
which the accumulator back pressure in maxi- 
mized. 

In the above examples, the second shift com- 

35 mand is issued before the target-speed-range 
clutch starts to be engaged. A control process in 
which a second shift command is issued after a 
target-speed-range clutch has started to be en- 
gaged will hereinafter be described with reference 

40 to Fig. 7. 

While the motor vehicle is running with the 
transmission in the fourth speed range, a first shift 
command is issued for the third speed range at a 
time tn, and then a second shift command is 

45 issued for the fourth speed range at a time tis. At 
the same time that the first shift command is 
issued, the decision timer is operated, and then the 
shift solenoid output based on the target speed 
range Sa' to which the transmission is to be shifted 

so is switched to an output for the third speed range 
at at time ti2 when the preset time of the decision 
timer elapses. The clutch pressure in the fourth- 
speed-range clutch is released and rapidly re- 
duced, and the clutch pressure in the third-speed- 

55 range clutch is increased to a level corresponding 
to the accumulator pressure which has been set to 
a low level. After a certain time delay, the third- 
speed-range clutch starts to be engaged, and the 
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input and output rotational speed ratio ecu of *h© 
third-speed-range clutch starts to be engaged, and 
the input and output rotational speed ratio ecu of 
the third-speed-range clutch (the target-speed- 
range clutch) starts being lowered, and so does the 
input and output rotational speed ratio ecu) of the 
fourth-speed-range clutch (the present-speed-range 
clutch) from 1 .0. 

In this example, the second shift command for 
the fourth speed range is issued at the time tta. At 
the time tu. the fourth-speed-range clutch has 
already started to be disengaged or the third- 
speed-range clutch has already started to be en- 
gaged, and the input and output rotational speed 
ratio ecu of the third-speed-range clutch has start- 
ed to vary. At this time, the present speed range 
So is the fourth speed range, and the latest target 
speed range Sa is also the fourth speed range (So 
s Sa). If the shift solenoid output were imme- 
diately switched to the output for the fourth speed 
range, however, since the fourth-speed-range 
clutch has started to produce a certain amount of 
slippage, both the third- and fourth-speed-range 
clutches would be highly likely to be disengaged or 
in the neutral position. Therefore, the danger of 
engine racing would be high when a next shift is 
made. 

To avoid the above problem, the steps S2 to 
S3 to S6 to S7 to S8 to S10 to S12 to S13 to S14 
are followed, and the shift command (the first shift 
command) is maintained until the clutch of the 
target speed range Sa' (the third speed range in 
this example) to which the transmission is to be 
shifted is completely engaged. 

When the third-speed-range clutch is com- 
pletely engaged and its input and output rotational 
speed ratio ecu becomes 1.0 at a time ti4, the 
target speed range Sa' up to now is set as the 
present speed range So (the step S15). At the 
same time, the decision timer T1 is reset to zero 
(the step S16). Accordingly, after elapse of the 
preset time T1 of the decision timer from the time 
tit, a shift from the third speed range to the fourth 
speed range is effected based on the second shift 
command (the steps S2 to S6 to S7 to S11 to 
S12). 

According to this control process in which 
gear-shifts are to be made from the fourth speed 
range to the third speed range back to the fourth 
speed range, if the third-speed-range clutch has 
started to be engaged when the second shift com- 
mand is issued to shift from the third speed range 
to the fourth speed range, the gear-shift back into 
the fourth speed range is effected based on the 
second shift command after the shift into the third 
speed range based on the first shift command has 
been completed, thereby preventing a shift shock. 

While downshifts have been described in the 



above embodiment upshifts can also be controlled 
according to a similar shift control process. 

The invention being thus described, it will be 
obvious that the same may be varied in many 

s ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the inven- 
tion, and ail such modifications as would be ob- 
vious to one skilled in the art are intended to be 
included within the scope of the following claims. 

jo The invention as described above may be 

shortly summarized as follows: 

When a first shift command is issued, the input 
and output rotational speed ratio of a shift means 
associated with a first target speed range for se- 

75 lecting a power transmission path associated with 
the first target speed range and determined by the 
first shift command is detected, and the start of 
operation of the shift means associated with the 
first target speed range is detected by checking 

20 whether the input and output rotational speed ratio 
has started to vary or not. When a second gear- 
shift command is issued after the first shift com- 
mand has been issued but before the start of 
operation of the shift means is detected, the sec- 

26 ond shift command Is accepted. 



Claims 

30 1. A method of controlling shifts in an auto- 

matic transmission having power transmission 
means comprising a plurality of power transmission 
paths, and a plurality of shift means for selecting 
the power transmission paths, said shift means 

35 being selectively operable in response to a shift 
command for switching said power transmission 
paths to effect shifts, said method comprising the 
steps of: • 

when a first shift command is issued for effecting 
40 one of the shifts, detecting the start of operation of 
the first shift means which selects the first power 
transmission path determined by said first shift 
command; and 

when a second shift command is issued to select 
45 the second power transmission path different from 
the first power transmission path, after said first 
shift command is issued but before the start of 
operation of the first shift means is detected, effec- 
ting the shift based on said second shift command. 
so 2. A method according to claim 1 . wherein the 

start of operation of the first shift means is de- 
tected by detecting a change in the input and 
output rotational speed ratio ea.o of the shift means 
which has been operated before said first shift 
55 command is issued. 

3. A method according to claim 1 or 2. wherein 
when said second shift command is issued after 
said first shift command has been issued and also 
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after the start of operation of said first shift means 
has been detected, the shift based on said second 
shift command is effected after the shift based on 
said first shift command has been completed. 
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